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- Uroer TI Coramaned Modulioo,
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T ablative hest chicld.,  Farthormoore, the 1wpwuu ucec of these ch
istics upon parameters such oo tempoveture, hest flux, entholypy, v cheer
strecs were determined in order Lo incorporate the app“ priste Tunctionsi
relationchip. int> the decign -malyticsl procedure. The definition o f
design properties relied heavily upon practical engineering Judgment to
estnbiish the detail in which materisls characteristics must bhe known nnd

upon the substantial background experience cbtained from Block [ work.
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The degrec of rellability of the design is a funztion not only of the
possible varintions of the design properties but als> of the design mode.
zccuracy und the factor of safety. For the Apollo heat cshield design,

no explicit safety factor was permitted; however, per specification, the
thermsl eonductivity and density used in the sbl.tor design are considereld
+o be upper Lound properties.,
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15 conservative for the prediction of Floeck LT =t iator thicknessos,

The relatively large number of thermal discontinulties on fioek 1T vehieloo
required the availability of multi-dimensional heat transtfer techni jueo

for determination of re-entry thermal performance, Two digital compater
Programs, 1459 and 2?28, were used to cslculate temperiture rocponces =t
the regions of thermal discontinuities, Both programs have tho cap:bllity
of handling two-dimensional and threc-dimensicnal heat truncfer problems
in rectangular coordinates along with an option %o use o cylinirie L cour-
dinate syctem for geometries which asre rotaticnzll; symmetric wooat
center line., Heat transfer modes {as npplicable to fApoilc) —ro LLoit
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{e.o. chrnr chemicnl analysis) were conducted t~ support the tecting

Porwed in cimulited re-cntry heating onvironments,
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Tenctrations through the ablative shi-sid present opeclal design problems

Tn urder to verify the adequacy of the thernodynamic de::i-?:n in the =
of these geometric singuinrities, two types of thermodynamic testing
were required, vince difrerent materiuls ure used 1n these areucs,

ore tests wore conducted to determine the basiec utiation characterizstics

of nach material, Tests were also conductrd on compozite cpecimens b

determine ablation compatibility. The cecond +3,me nf test wns performmed

in the raai-nt lomp facility. A corm‘e'te mock-up of the crea of the

singularity was shaved to the predicted final .Lla‘red contour and tected
using =« heat flux history correcsponding to the design enviromment., This

test provided a good mock-up of the <reas using large spocimen: ( in

zost cases full Cezle) and test measurements were avallﬂ‘l»- Jor ﬂs";o";:Lug

conductlon heat transfer 1in the zrea »f the singularit:. Veasured and
predicted  temperstures were compared to insure that nulti-dime mlum,l
heat trancfer analyses were adequate.

Throughout this rather cxtensive progr-m many new test leclmlgues hrve
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cvolved and requirerncents for new aress of stuay have Leen identified
thzt could have inportant effects on the directlion and emphacis of
future tent programs, Two of the most significunt centributions t
current testing technology derived from the Apolio program are:l) the
successful tilization of the trajectory simulation technijue in the

arc fmeilities; «nd 7)) the increasced utlliytion and refinement of in-
strmentation techniques to galn quantitative information from are tests.
During the program, an increasing dependence evolved in in-depth thermo-
couple datz nand optiecal meacurements of surface temperatwre, The 1in-
formation thus ovtained has brought into focus muny of the problems

o

ascoclated with prediction of the very conmples energy minagement pherorencn
that occur during the sblation procens., ’

Thermael testing and analyces of resulte hove been of sufficient scope to
ascure the concervatism of the Apollo heat shield design, However, wx-
perlence chows that two general zreas of study reqauire »dditional work
in order to refine the understanding of ablater »errorrmonce,  Thece aro:
1} inereased study of the chemlcal renctinne seorring in the ablator
pyrclyais and char nenes; and 2) the ¢ frects of 2ot ined conveciive und
radilative heating on ablator performance, Tt Lechnijucs are availnble
to accomplish these otuldiec,
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Gner the design procedure wes ostablished, it wms necessary that calcula-
tions be mede to determine the thermal dr“'~n trajectory which by definition
ir that trajectory which requires the largoust heat shield thicknecss.

Thic trajectory evalusbion established that the mauximum heat trajector;
Aictated the -blator decign for all reglons of the Block IT Zommand Modulr.
Thic recult confirmed u fuct observed during Block I efforts, that the

hest shicld for Apollo acte primarily as o high tomperature r*dlittt ~nd
incuintor catner thon uo an ablater, Tt is iwmportant to rememlier, how-

hat satistactory sblation capability must te and is avallable in
nat tihe heat zhield sustein re-entry for .ny trajectory within the
'1ight corridor.

ever, ©
order %

pein b lato s Shicknesses were defined -t 3,0 vehicle reference nesting
stations (considering heating cymincbry ) and for Lioarens nosoclated with
heating perturbstions,  This definizion wes proven adeguate for we vy
nerign to eenerates the detoiied sarieco ¢onteur for final sblator wachiningg.
mitar detailed thicknusr definitirn wes rade st regions using abiators
other than Aveoat 50 6-23/HC-3 1in orcer to support fabricatvion of ports,
rdequaey of the sblator decigrn wun aemonstrated et reference heating
coentions Ly w oceries of sinnlzted ro-untroy heating testz,  uvlrecet con-
prrivon of meacured tempersturcs Lo Lemperstures  predicted with the io-
“irn procciure supported the conclusicn thut the =bilator thickneusces nre
etenpaete to provide the tacrmel proteciion requlrei tor Bloek TI thick-
nﬂs;c:. ALdequecy of the thicknesses ot puihtu betwoen referenca neating
wentions wao estab lishet by pietting the Yulre? Llstor thickaeo o

aupfrxpr‘:vug vicirg thevmat regquirencontc nnd jubting intermoalqate Tora-
tiong by a stroight line intuPPDYHriun technioue, Lt owms oo regalees
that J“uL”U gdeqgquacy Lo estaul Lohed - poosible tiator erechke which
may aevelop in the coildl wnvir‘nxiuf. Particulur sives and geonatried

4o proedicted Ly ctructural wne!y oo werce evalusted,  Design nceeptobility
o verified Ly oo eombination of experimental and analytical Investicationz
specitic:ily concerno! with erew wnl 2 coupartment b lator crecko.
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The ~nwlyses <t [A/Aveo interfac rorcidered the following ropwi-n

a, RECS fuel duamp

u. C-band sntennas

2. Windward C-band antennas
d. C/M-S/1 umbilical

¢. crew hatch accesc port
. micrometecroid windows

g. RCO engline apertures

-10-

=3 desimn I"‘Sp,‘n:“lliLl‘.l,. e

o



Creaiviosi oy oz luded T fNyen interfaces war the
Broenextont i, roanalysis responsit Ly

shisn rres tae to o

The evnowilicns o orouns Sest resalts w2 useld to savport the thermid!

anslyrils c¢t'fort. These *e resuits wers Integrated witan the pertormance

preaisthion: ohuined from the sosiytica: T illes Lo a<tabpilsh the
3

ade uacy U hoth the main -t en e vermn: disce o ontinuitics,

The onsdoies’ studiec revesled no struct ool vernenting with Uiy
i v D elilved nren ot the throts P onhe BT rell engines,

Lo oxcers ive terperatuares sre encounbore s Date in the trijectory i io

ool saear approxiseie’ ) 100 Leronds aftor parschore deplogment,

Liboaroemd tel o nheore couple catie revenled tnet the analytical protictions
A in-depth tempersture coopomzes nre consorvative,  Duarrace recr:scion
predictiong wnt Héferential ablatin effects were bt alvmys conoervabh i

dae o neoenr ey tect coplition spproimetiong, Hoawever, the prediceted

wture, whieh 1s the overzll importont 1ten, wnoo

reiin oablator peromones were looy pert e acingr oore clomre
teohniques,  Theas evolustioow o omoldered chnp

~asochnarring L
rilee, =2nd sactace recesslon

compaition,

-11-




